Introduction {#s1}
============

Hepatitis C virus (HCV) is a single-stranded RNA virus of the *Flaviviridae* family that globally affects an estimated 71 million people chronically, with nearly 1.75 million new infections reported in 2015 alone.[@b1] With variable infection rates around the world, HCV has the highest prevalence in the eastern Mediterranean, with 2.3% of the population affected.[@b1] The virus is subdivided into at least six major genotypes, with genotypes 1, 2, and 3 being the most common in Europe, South America, and North America, genotype 4 found in the Middle East, Egypt, and central Africa, genotype 5 found exclusively in South Africa, and genotype 6 found in Southeast Asia.[@b2] In the USA, 70% of all HCV infections are caused by genotype 1.[@b3]

HCV, initially known as the non-A, non-B hepatitis, was first discovered in the 1970s in patients that had previously undergone blood transfusions.[@b4] However, it was not until the late 1980s that the virus itself was formally identified. Since the advent of interferon as a treatment for HCV in 1991, rapid progress has been made in the production of both genotype-specific and general therapies for HCV infection. Even with rapidly evolving treatment options, HCV remains without a preventative vaccine. Thus, HCV persists as a public health burden and primary prevention is key.

Many studies have explored the risk factors involved in viral transmission, and at present data has correlated significant transmission risk with intravenous drug use (IVDU), healthcare exposure (i.e. blood transfusions and surgical care), body modification (i.e. tattooing and piercings), as well as from infected mothers to their fetuses.[@b5]--[@b8] Because dental practice is often associated with bleeding, the possibility of HCV transmission seemed reasonable to investigate.

At present, few studies have investigated the overall risk of dental care as a risk factor for HCV transmission. A review by Mahboobi *et al.*[@b9] identified a weak all-time risk of HBV and HCV infection during dental treatment. For this review, we examined literature from around the world describing investigations of dental care as a potential risk factor for HCV transmission.

Methods {#s2}
=======

We conducted a complete literature search using Medline/PubMed, Scopus, and Google Scholar for case-control studies, investigative before and after studies, surveys, and observational studies examining dental care as a risk factor for HCV transmission. Search terms used consisted of: risk factors, HCV, hepatitis C, oral surgery, transmission, infection, dental care, and oral care. Search hits were limited to studies published during or after the year 2000. The year 2000 was selected as a starting point to limit studies to those with dental care practices most similar to present day and to minimize historical confounding variables. Studies that analyzed co-infectivity with other viruses, such as the human immunodeficiency virus, were excluded from analysis. On initial literature search, 1,180 manuscripts were identified and subsequently narrowed to a final count of 34 manuscripts after search term integration. An additional eight manuscripts were removed after exclusionary criteria were applied. All studies were further subdivided into geographic regions of origin.

Results {#s3}
=======

We found 40% of the USA/European studies, 37.5% of the Middle Eastern studies, 33.3% of the African studies, 100% of the South American studies, and 60% of the Asian studies to have found clinically significant HCV transmission risk with dental care. In total, 12 of the 26 studies that met the described search criteria found an association between dental care and HCV infection.[@b10]--[@b35]

Five of the studies queried nationwide data (generally those of European or American origin), twelve examined urban populations, seven examined rural populations, and two investigated a mixed urban/rural population.[@b9]--[@b34] Sixteen of the studies used adult populations in the sample pool (two of which examined strictly adult pregnant women, one queried only adults over the age of 60, and one study looked exclusively at adult healthcare workers), six used a mixed pool of adults and children, and four investigated only children.[@b9]--[@b34] Eighteen of the 26 studies did not define "dental care", and one clarified that all dental care was provided by uncertified providers ([Table 1](#t01){ref-type="table"}).[@b12],[@b14]--[@b19],[@b21],[@b23]--[@b28],[@b31],[@b33]--[@b35]

###### Studies investigating dental care as a variable for HCV transmission risk from the year 2000 to present

  First author (year)^Ref^   Country         Setting       Population                   Dental care type                                                                   Significance of dental care for HCV transmission
  -------------------------- --------------- ------------- ---------------------------- ---------------------------------------------------------------------------------- --------------------------------------------------
  **Europe and US**                                                                                                                                                        
  Murphy (2000)[@b10]        United States   Nationwide    Adults                       Tooth extraction and tooth cleaning (analyzed separately)                          Not significant
  Mele (2001)[@b11]          Italy           Nationwide    Adults                       Oral surgery                                                                       Significant
  Karmochkine (2006)[@b12]   France          Nationwide    Adults                       Not defined                                                                        Not significant
  Lionis (2000)[@b13]        Greece          Rural         Pregnant women               Tooth extractions and fillings                                                     Significant
  Gheorghe (2010)[@b14]      Romania         Nationwide    Adults                       Not defined                                                                        Not significant
  **Asia**                                                                                                                                                                 
  Hajiani (2002)[@b15]       Iran            Urban         Adults                       Not defined                                                                        Not significant
  Bari (2001)[@b16]          Pakistan        Urban         Adults                       Not defined                                                                        Not significant
  Akhtar (2002)[@b17]        Pakistan        Urban         Adults & children            Not defined                                                                        Not significant
  Jafri (2006)[@b18]         Pakistan        Urban         Children                     Not defined                                                                        Not significant
  Khan (2008)[@b19]          Pakistan        Urban         Pregnant women               Not defined                                                                        Significant
  Qureshi (2009)[@b20]       Pakistan        Urban         Adults                       Extract/ filing/ scaling                                                           Significant
  Janjua (2010)[@b21]        Pakistan        Peri-urban    Adults                       Note defined                                                                       Significant
  Ahmed (2012)[@b22]         Pakistan        Rural         Adults                       Filling/ extraction/root canal/ dental injections                                  Not significant
  Zhang (2009)[@b23]         China           Urban         Adults over 60 years old     Not defined                                                                        Not significant
  He (2011)[@b24]            China           Rural         Adults                       Not defined                                                                        Significant
  Nguyen (2007)[@b25]        Vietnam         Rural         Adults                       Not defined                                                                        Not significant
  Davaalkham (2006)[@b26]    Mongolia        Urban/Rural   Children (7--12 years old)   Not defined                                                                        Significant
  Ruzibakiev (2001)[@b27]    Uzbekistan      Nationwide    Adults                       Not defined                                                                        Significant
  **Africa**                                                                                                                                                               
  Ramarokoto (2008)[@b28]    Madagascar      Urban         Adults                       Not defined                                                                        Significant
  Habib (2001)[@b29]         Egypt           Rural         Adults & children            Filling, extraction, anesthesia, gum treatment                                     Not significant
  Medhat (2002)[@b30]        Egypt           Rural         Adults & children            Any, extraction, gum treatment, filling[^\*\*^](#table1fn1){ref-type="table-fn"}   Not significant
  El-Raziky (2007)[@b31]     Egypt           Urban         Children 1--9 years old      Not Defined                                                                        Not significant
  Mostafa (2009)[@b32]       Egypt           Rural         Adults & children            Filling/extraction/ anesthesia/ gum treatment                                      Not significant
  Barakat (2010)[@b33]       Egypt           Urban/Rural   Children 6--15 years old     Not defined                                                                        Significant
  **South America**                                                                                                                                                        
  Parana (2007)[@b34]        Brazil          Urban         Healthcare workers           Not defined but done by non-certified providers                                    Significant
  Sanchez (2000)[@b35]       Peru            Urban         Adults & children            Not defined                                                                        Significant

Risk assessment done for each type of dental intervention individually.

Discussion {#s4}
==========

The results of the reviewed studies were conflicting. Close to half of the studies showed dental care as a significant risk factor for HCV transmission, while the rest of the studies showed no significant association. Furthermore, no world region proved to be uniform in study findings ([Table 1](#t01){ref-type="table"}).[@b10]--[@b35] Findings and conclusions varied even within the same countries. For instance, in Pakistan, three of seven studies found a significant correlation between dental care and HCV transmission; in Egypt, one of five and in China, one of two.[@b16]--[@b24],[@b29]--[@b33] The studies examined do not appear to suffer from a lack of power as sample sizes were relatively large, involving hundreds, if not thousands of respondents. Limitations of study design and the presence of confounding variables highlights how these studies may have resulted in inconsistent data.

Study limitations {#s5}
=================

As dental care was not the only variable examined as a potential risk factor for HCV transmission in all reviewed studies, dental care did not receive a high level of detail or subcategorization and was rarely well-defined. Most studies asked participants whether they had any kind of dental care over the span of their respective lifetimes.[@b12],[@b16],[@b31] Some studies did qualify the question of previous dental care with specific procedures that defined "dental care", but these were of a broad range of invasiveness, including tooth fillings, filings, extractions, and oral surgeries.[@b22],[@b29],[@b32] As participants were not asked to specify the type of dental work they had done, it opened the possibility of data skew given that the risk of HCV transmission is different in cases involving blood exposure, such as during root canal placement versus tooth filings. Additionally, most articles did not define anesthesia use in their definition of dental care, a potential confounding variable as the use of syringes and anesthetic solutions may increase HCV transmission risk.

Other shortcomings of the evaluated studies were the methods for data collection. For instance, Medhat *et al.*[@b30] went door to door, checking blood samples from local citizenry in Pakistan for HCV antibodies, while simultaneously asking the volunteers questions regarding potential HCV exposure risk factors. This method of data collection has a high risk for social desirability bias, a subcategory of response bias where survey respondents answer questions in a manner that they believe will be viewed favorably by others. Given the cultural taboos of topics such as intravenous drug use (IVDU) and sexual history in many parts of the world, Medhat *et al.*'s[@b30] data has a high risk for respondent bias skew. The investigators themselves admit that given the cultural taboos of Pakistan, they avoided directly asking participants whether they practiced IVDU. As IVDU is a known risk factor for HCV transmission, the potential for confounding variable presence in the analyzed data is high. To offset the potential confounding effect of not knowing participant IVDU history, Medhat *et al.*[@b30] questioned use of shared syringes, a common practice in the region. Unfortunately, this does not exclude IVDU as a confounding variable, as at present there are no data showing whether the sharing of syringes within a family nucleus is a risk factor for HCV transmission and/or if it correlates to transmission risks associated with IVDU.

Unfortunately, the lack of identification and exclusion of IVDU was a common shortcoming across studies, whether because of omission of participant questioning or non-differentiation of IVDU from the population pool. Only three of the studies either excluded participants who admitted to IVDU or performed repeat statistical analyses accounting for IVDU as a known variable.[@b10],[@b23],[@b24] Dental care was found not be a significant risk factor for HCV transmission in two of the three studies, when IVDU was excluded.[@b10],[@b23] Murphy *et al.*[@b10] demonstrated the confounding nature of IVDU, as when IV drug users were excluded from the study population there was no significant difference between dental care and HCV transmission, while the opposite was true when the same population was included. While it is unclear why IVDU is a confounding variable for HCV transmission in dental care, it is possible that because data is obtained by check box questionnaires, individuals who practice IVDU require more dental care on average than their non-IVDU counterparts due to drug side effects and lifestyle.

Another type of bias which may have limited the findings of the presented studies is Berkson bias. Berkson bias is a type of selection bias generally found when study samples are taken from a subpopulation rather than the general population. Nationwide data for sample analysis was used in only five of the twenty-six studies ([Table 1](#t01){ref-type="table"}).[@b10]--[@b12],[@b14],[@b27] Instead, most studies either investigated specific environments, i.e. urban or rural regions, or certain demographics, such as pregnant women, healthcare workers, or children. In addition to increasing the risk of Berkson bias with the aforementioned subpopulations, the inclusion of children also increased the probability of social desirability bias. In Barakat *et al.*,[@b33] parents were asked to answer questionnaires about their children's potential risk factors for HCV infection. Based on the child age groups being studied, parents may have either refrained from being entirely truthful so as not paint themselves in a bad light given cultural taboos or may have answered in a manner they thought was culturally appropriate, even if they were not completely aware of all of their children's exposures.

Age as a clue {#s6}
=============

An interesting finding noted in two studies[@b28],[@b29] was the significance of age in determining whether dental care was a risk factor for HCV transmission. Habib *et al.*[@b29] noted that with adjustment for age, there was no increased risk for HCV transmission in dental care, while the opposite was true when no such adjustment was made. Ramarokoto *et al.*[@b28] found that the percentage of HCV seroprevalent individuals with a history of dental care, when categorized by age groups (0--24, 25--44, 45--64, and those over \>64 years), varied, with those aged between 45 and 64 having the highest seroprevalence.

This finding may be explained by the quality of sterile technique employed or available to the healthcare providers performing the dental procedures. Poor sterilization technique and unsafe injections, factors that would put patients at a higher potential risk of HCV transmission during dental work, may have improved over time to the present, whether secondary to provider education and/or tool accessibility. As to why Ramarokoto *et al.*[@b28] found peak HCV seroprevalence in the 45--64 age group with subsequent decrease, it may be due to survivorship bias, as those that were HCV-infected were less likely to survive to more advanced age.

The risks involved {#s7}
==================

In developing countries, the risks associated with HCV transmission during dental care are likely related to improper sterile technique as well as the use of poorly trained or legally practicing but uncertified practitioners.[@b34] Studies in the West have generally concluded that dental care is not a risk factor for HCV transmission ([Table 1](#t01){ref-type="table"}).[@b10],[@b12],[@b14] However, the use of anesthesia during dental care, a practice more prevalent in developed nations, remains an important, though not well identified, potential source for HCV transmission. In the USA state of Oklahoma, in 2013, a vial of propofol, initially used during a multitooth extraction from an HCV-seropositive patient was subsequently reused for a patient undergoing a similar procedure.[@b36] Unlike general data currently available which identifies statistical association between HCV and transmission risk factors, the Oklahoma case represents proven HCV transmission, and is to date the only such example in the USA.

While the re-use of anesthetic may increase the risk of HCV exposure, the type of anesthetic used may also contribute. Propofol, an injected anesthetic medication used for procedural sedation is lipid rich in content, a property that is beneficial for prolonged HCV particle survival. One study showed high viral particle load in propofol emulsion after 35 days, a duration over which viral particles became undetectable even in optimal cell medium.[@b37]

While studies investigating HCV transmission between physicians and patients are limited, it remains an important complicating factor in medical care. Exposure-prone procedures, such as surgery, have shown an association between HCV transmission from seropositive surgical providers to their patients. Studies have found the risk of patient acquisition of HCV during an operation performed by an infected surgeon to be between 0 and 3.7%, a risk similar to that of acquiring HCV after a blood transfusion.[@b38]--[@b40] One retrospective study investigating cardiac surgeons demonstrated a surgeon-to-patient HCV transmission rate of as high as 6% during open heart surgery.[@b41] The risks of HCV transmission from dental care providers to their patients has not been well studied, and at present no data exists on dentist to patient HCV transmission rates.

Unlike provider-to-patient HCV transmission, the rate of patient-to-surgeon HCV transmission appears to be significantly lower. In a British study investigating surgical interventions and HCV transmission, rates of HCV infection amongst surgeons ranged between 0.035% and 1.12% over the span of a 35-year professional career.[@b42] The data on transmission of HCV from patients to dentist remains limited. Examining USA data from between the years of 2000 and 2005, the prevalence of HCV antibodies among the general USA population ranged between 1.3% and 1.6%, while being only 0.47% amongst dentists, signifying a low occupational risk of HCV infection amongst USA dentists.[@b43]

While HCV exposure during cardiac surgery is significantly greater than during dental care, the identification of viral particles in human blood and saliva reported in cases of HCV transmission following splashes of infected blood on broken skin, toothbrush sharing, and viral infectivity makes dental care an important issue. Identification and reduction of potential HCV transmission risk factors during regular and interventional care remains crucial for both patients and providers.[@b44]--[@b47]

Conclusions {#s8}
===========

At present, dental care does pose a risk for HCV transmission, although the extents vary worldwide. In the developing world, the improper use of sterile technique and lack of provider education likely increase the risk of HCV transmission secondary to dental care. In developed nations, general dental care does not appear to be a significant risk factor for HCV transmission when IVDU is an excluded variable. However, anesthesia, more commonly used in developed nations, appears to be a potential risk for viral transmission and should be closely monitored. Unfortunately, current studies on dental HCV transmission contain limitations, including methods of data procurement, lack of IVDU exclusion, Berkson bias, and social desirability bias, which make their findings more difficult to interpret accurately. In the future, studies should focus on large, nationwide samples in which participants with known risk factors for HCV transmission should be excluded. Questionnaires regarding risk factors should be done using methods that best preserve participant anonymity to reduce the risk of social desirability bias. While treatment options for HCV continue to evolve and improve, primary prevention remains paramount for disease eradication.

Standard precautions for dental care remain key in reducing the risk of HCV transmission to patients and providers alike. These precautions include hand hygiene, proper use of protective equipment, such as masks and gloves, proper sharps' handling and injection practices, environmental cleaning, proper use of reusable and single-use medical equipment and drugs, and respiratory hygiene.[@b48] Special care should be taken when treating high-risk populations, such as prison inmates and those with human immunodeficiency virus, as these populations have higher rates of HCV infection.
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